Background: The cause of low serum vitamin D concentrations in dogs with chronic inflammatory enteropathy (CIE) is not well understood. Objective: Improve understanding of pathogenesis of low serum vitamin D concentrations in dogs with CIE by comparing several clinical, clinicopathologic, and histologic variables between CIE dogs with low and normal serum 25-hydroxyvitamin D concentrations (25[OH]D). Animals: Fifteen dogs with CIE and low serum 25[OH]D concentrations; 15 dogs with CIE and normal serum 25(OH)D concentrations. Methods: Prospective cohort study. Clinical and clinicopathologic variables were compared between groups. Correlations between serum 25(OH)D concentration and histopathologic variables were assessed. Results: Dogs with CIE and low serum 25(OH)D concentrations had higher canine chronic enteropathy clinical activity index scores (P = .003), lower serum α-tocopherol (P < .001), cholesterol (P < .001), and albumin (P < .001) concentrations and higher serum C-reactive protein (P = .004) concentrations compared to CIE dogs with normal serum 25(OH)D concentrations. Serum concentrations of vitamin D-binding protein (VDBP) were not different between groups (P = .91). Duodenal morphologic and inflammatory histopathological scores (P = .002 and P = .004, respectively) and total histopathological scores in duodenum and combined duodenum and ileum negatively correlated with serum 25(OH)D concentration. Conclusions and Clinical Importance: The pathogenesis of low serum vitamin D concentrations in dogs with CIE is likely multifactorial. Fat malabsorption deserves further study in dogs with low serum vitamin D concentration and CIE.
(CIE) and protein-losing enteropathy (PLE), [1] [2] [3] and have been associated with poor outcome. 4 Similarly, children and adults with inflammatory bowel disease (IBD), specifically Crohn's disease (CD), are more likely to be vitamin D deficient than healthy controls [5] [6] [7] [8] and can experience poorer quality of life 9 and increased risk for hospitalization and surgery. 10 Proposed mechanisms for vitamin D deficiency in human patients with IBD include decreased exposure to sunlight, decreased PO vitamin D intake, malabsorption, loss of vitamin D through the intestinal tract, and the presence of an active inflammatory state. 11 Oral intake of vitamin D has not been consistently correlated with hypovitaminosis D in human patients with IBD. 11 One group of researchers found an approximately 30% decrease in absorption of PO administered vitamin D2 in patients with CD when compared to healthy controls, 12 but in other studies intestinal absorption of vitamin D was found to be normal in most patients with IBD. 13, 14 A systematic review and meta-analysis found that in addition to vitamin D, concentrations of other fat-soluble vitamins (A, E, and K) are decreased in CD patients compared to healthy controls. 15 Direct loss of vitamin D has been suggested as a mechanism, but vitamin D metabolites are primarily transported in the circulation bound to vitamin D-binding protein (VDBP [85%-90%]), and to a lesser extent albumin (10%-15%). 16 Concentrations of VDBP were decreased in a cohort of children with IBD compared to healthy controls, 17 and in another study, serum 25(OH)D concentration was positively correlated with serum albumin concentration in a group of 130 children and young adults with IBD. 18 In dogs with CIE, the cause of low serum vitamin D concentration is not fully understood. 1 Decreased dietary intake of vitamin D may be a contributing factor, but 1 study found that dogs with decreased appetite and non-gastrointestinal illness had higher serum 25(OH)D concentrations than did dogs with chronic enteropathy (CE), suggesting that poor appetite does not always lead to decreased serum vitamin D concentrations. 2 In 33 dogs with CE, a relationship between serum albumin and serum 25(OH)D concentrations was found. 2 20, 21 The 25(OH)D concentration was measured using a commercially available radioimmunoassay kit, and serum ionized calcium concentrations were measured using an ion-specific electrode. Serum PTH concentration was measured using an immunoradiometric assay, as previously described. 22 
| Clinical activity, appetite, and body condition scores
At the time of enrollment, owners were asked to score appetite, activity level, vomiting, fecal consistency, fecal frequency, weight loss, and pruritus for each dog. Applying the results of the serum biochemical profile (serum albumin concentration) and abdominal ultrasound examination (peritoneal effusion), and using the owner's scores, a canine chronic enteropathy clinical activity index (CCECAI) score was calculated. 23 Appetite scores also were recorded separately. Appetite score was assigned as 0-3, where 0 = normal, 1 = mildly decreased, 2 = moderately decreased, and 3 = severely decreased. Body condition score (BCS; scale 0-9) 24 was assigned for each dog by a single evaluator at the time of initial evaluation.
| Measurement of serum cholesterol, alpha-tocopherol, and retinol concentrations
Serum cholesterol concentrations were recorded as measured by the CSU Veterinary Diagnostic Laboratory using a Cobas Integra (Roche Diagnostics Limited, West Sussex, UK) biochemistry analyzer. Serum
alpha-tocopherol (vitamin E) and retinol (vitamin A) concentrations
were batch measured on stored, aliquoted frozen serum samples using high-performance liquid chromatography. Samples had been frozen immediately after collection and processing, stored at −80 C, and thawed before analysis. Alpha-tocopherol and retinol are known to be stable in serum for years. 25 Summary statistics and P-values are presented in Table 1 for CCECAI, appetite score, BCS, fat-soluble vitamins, cholesterol, serum proteins, and serum inflammatory markers. In brief, dogs with low serum 25(OH) concentrations had higher CCECAI scores (P = .003), lower serum α-tocopherol concentrations (P < .001; Figure 2 ), lower serum albumin concentrations (P < .001; Figure 3 concentrations is unknown. In humans, cholesterol is fundamental to the endogenous synthesis of vitamin D after sunlight exposure. 28 However, because endogenous synthesis of vitamin D is thought to be absent to limited in the dog, 29 it is unlikely that hypocholesterolemia associated with intestinal disease 30 test was demonstrated to be more sensitive than serum retinol concentration for the detection of vitamin A deficiency in humans with CD. 34 Therefore, it is possible that measurement of hepatic vitamin A stores may have been a more accurate way to assess vitamin A status in our patients. In addition to malabsorption, proposed mechanisms of fat-soluble vitamin deficiencies in humans with IBD include consumption of antioxidants by proinflammatory radicals, enteric loss, and decreased nutrient intake. 27, 35 Several of the dogs in our study had serum α-tocopherol and retinol concentrations above the laboratory-established RI. This finding is similar to a recent study evaluating lipid-soluble vitamins in dogs with exocrine pancreatic insufficiency 36 and deserves further study.
| Measurement of serum protein concentrations

| Statistical analysis
To investigate enteric loss as the cause of low serum vitamin D concentrations in dogs with CIE, we considered that vitamin D and its metabolites are largely bound to VDBP in circulation. A much lower proportion is bound to albumin in serum, and <1% of vitamin D circulates unbound. 16 clinical scores, 37 hypoalbuminemia, 37, 38 and response to treatment. 39 Therefore, we elected to evaluate the morphologic and inflammatory changes in the intestine separately and together. In a previous study, total WSAVA scores were negatively associated with serum 25(OH)D concentrations in dogs with CE. 19 In our study, low serum 25(OH)D concentrations were moderately correlated with higher scores for morphologic and inflammatory changes in the duodenum, as well as with overall WSAVA scores for the duodenum and combined duodenum and ileum.
In our study, morphologic changes in the duodenum consisting of villous stunting, epithelial injury, crypt distension, LD, and mucosal fibrosis were moderately negatively correlated with serum 25(OH)D concentrations.
Lacteal dilatation also was evaluated in isolation, and ileal LD scores showed a moderate negative correlation with serum 25(OH)D con- Our study had some limitations. First, the ileum was not biopsied in 2 dogs in each group. Because pathology can differ among sections of intestine, 42, 43 this may have influenced our results. Also, despite the use of a blinded pathologist and a pathologist-in-training to come to a consensus score using WSAVA standards, histopathologic interpretation of the intestine still is considered relatively subjective, 44 and interobserver variation exists. 45 Serum CRP and fibrinogen concentrations were not measured in all dogs, because the study protocol was amended to include these variables after several dogs had already been enrolled. This may have affected our results for these variables.
Because an RI has not been established for serum VDBP concentra- Two dogs in each group had received glucocorticoids for <7 days before enrollment. Although glucocorticoids are known to affect vitamin D metabolism at several different levels, studies have shown that short-term administration (<14 days) of glucocorticoids did not affect serum concentrations of 25(OH)D in humans. 46 Although we cannot be certain that vitamin D metabolism in dogs is equally unaffected, because 2 dogs were present in each group, we do not expect this 
